To evaluate the effect of repetitive diving and the long term effect of compression/decompression on the distribution or loss of minerals, electrolytes, and prptem metabolites in men subjected to standard Navy diving procedures.
Increased fluid intake apparently prevented the reduction in urinary output, with its concomitant decreases in mineral and nitrogen metabolite excretion, that had been previously observed during the first post-dive day. Urinary ketosteroid excretion was slightly reduced after the first dive and decreased significantly for up to 10 days following the second hyperbaric exposure. This observation suggests prolonged adrenal responses to the stresses of compression/decompression.
Although serum ionized and total calcium, and magnesium levels showed considerable variability in this diving protocol, no consistent pattern of intra-or inter-dive variability was observed. These and other serum parameters measured indicate little or no carryover from the first to the second dive series performed 28 days later.
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INTRODUCTION
Alterations in blood and urinary minerals and electrolytes have regularly been observed during exposure to pressurization with subsequent decompressions, VS.J6 # ha S been suggested that these changes may be attributed to hyperventilation and fluid shifts-' 7 , increases in corticosteroid and/or aldosterone secretion" 5 , or alterations in membrane permeability due to inert gas narcosis 2 .
Rats exposed to severe decompression stress have been shown to exhibit serum and urinary mineral and electrolyte changes for up to 5 days postdecompression . Of greater importance to the operational diver are the findings of prolonged biochemical responses following apparently noninjurious dives and decompression. Urinary mineral, electrolyte, and nitrogen metabolites were altered for up to 4 days following exposure to air at 2 and 7 ATA for 45 minutes 9 , and for up to 7 days following a simulated dive in air to 100 FSW for 60 minutes 78 .
It is known that exposures to hyperbaric environments result in biochemical alterations of several days duration, and certain potential effects of diving appear cumulative 4 > JI and may be related to the frequency and type of pressure experience. Therefore, the relationship between interdive interval and the accumulative affect of repeated pressure insults was considered appropriate for investigation.
MATERIALS AND METHODS
Four Navy divers participated in these studies. The simulated dives commenced at 0830, Tuesday through Friday, exposing one diver per day to 6.7 ATA (188 feet sea water equivalent). Compression occurred at the rate of 75 ft/min. Time on the bottom was 40-45 minutes, and decompression was performed according to the Navy Standard Diving Air Tables  (190 feet for 50 min.) 20 . Twenty-eight days after the dive the above procedure was repeated using the same subjects.
Prior to his dive each man collected five consecutive 24-hour acidified urine specimens to serve as controls. Since no individual voidings were collected during the dives, the urine samples for the first post-dive days also contained the urine produced during the dive period.
Twenty-four hour urine collections were made for 10 post-dive days. During these studies the men refrained from eating ice-cream, gelatin or soft candy since these materials contain large amounts of hydroxyproline. The method of Hosley et al 10 was used to determine urinary hydroxyproline excretion.
Blood samples were drawn 3 days, 1 day and immediately prior to the dives with the average values serving as the control for each man. Blood was again withdrawn 1 hour post-surfacing and 1, 3, 5, and 7 days following the dives.
Serum to be analyzed for ionized calcium was maintained anaerobically and the level of ionized calcium was determined using an Orion specific ion flow-through electrode Model 99-20.
Total serum and urinary calcium and magnesium were measured in a Perkin-Elmer Model 306 atomic absorption spectrophotometer. Inorganic phosphorus was determined by a Technicon Autoanalyzer using a modification of method N-82 IAI while urea nitrogen, uric acid, and creatinine measurements were made using techniques N-13b and N-38a. Sodium and potassium were measured in an Instrumentation Laboratory Model 343 flame photometer; a Fiske Osmometer Model G62 was used to determine osmolality.
Urine samples were analyzed for 17-ketosteroids by the automated procedure of Zak et al 2i following preliminary hydrolysis, extraction with methylene chloride, two washings of the extracts with 10% NaOH, evaporation, and re-solubilization with the methanol. The same color development technique was used for hydroxysteroid analysis following treatment of the urine samples according to the procedure of Few as modified by Metcalf 
RESULTS AND DISCUSSION
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Data analyses and statistical computations were performed using a Data General Nova 1220 computer.
Fluid intake and total daily excretion of an extensive list of urinary components following the first dive series (Dive I) are presented in Table I while Table II Although significant changes occurred in various parameters following both dives, there appeared to be no consistent pattern of response in any parameter, other than the ketosteroid excretion, that could be attributed to the pressure exposures. Similar ketosteroid responses were reported in an earlier study following exposures to increased air pressures of 2 and 7 ATA 9 . The reduced 17-ketosteroid excretion observed in both the previous and present studies is analogous to the decrease reported during periods of stress 7 '''^ and would support the idea that a stresslike syndrome of several days duration follows exposure to increased air pressures. When the urinary data were calculated per gram of excreted creatinine, a method frequently employed to minimize the effect of volume fluctuation, there was again no consistent pattern of significant changes other than ketosteroid excretion. Moreover, Tappan et al. have shown that creatinine excretion is not stable under stress conditions, but can be correlated with ketosteroid alterations.
Table HE compares the total excretion data obtained during the period of Dive I with those of Dive n for each of the parameters measuredi.e., control vs. control, 1 day postdive vs. 1 day post-dive, etc. Again, significant changes are evaluated using the paired t-test. Since the means and standard errors of the mean for each of the parameters have been presented in Table I and n, they are not included in Table III and only those results which differ significantly at the 5% level or better for each parameter are indicated.
In predicting the post-dive effects of one exposure to 6.7 ATA on the responses to a similar dive after a 28 day interval, some residual effects on the excretory patterns might have been expected. However, the significant difference that occurs between the two control periods for sodium and urea nitrogen can unquestionably be related to their particular susceptibility to dietary intake. It may be noted that significant inter-dive differences for hydroxyproline, magnesium, potassium, and uric acid occur in the complete absence of any int ra -dive changes. Pho spho rus and Na/K ratio which exhibit inter-dive differences have noncorresponding within-dive alterations, and the changes observed in ketoseteroid and solute excretion have coincidental intra-dive significant alterations.
Since inspection of Table IH The results of this combination reveal significant post-dive changes in total 24-hour urinary excretion of calcium, potassium, keto-and hydroxysteroids, and total steroids. These data are presented in Figures  1 and 2 . In comparing the present results with those from a previous study of exposure to 2 and 7 ATA in air , it is evident that there is no pronounced decrease on the first post-dive day in urine volume with concomitant mineral and electrolyte decreases that characterized the earlier study. Decreases in urine volume following exposure to increased pressure have been reported after both short term and saturation dives in man 7 ' 9 . These post-dive decreases in urine volume have been interpreted as a rebound effect from the diuresis observed during periods of increased pressure and/or a compensatory correction of hypovolemia 1, 6, 9, 12, 17 1 The absence of a decrease in volume excreted on the first post-dive day in the present study seems to reflect the fact that the men were urged to make a concerted effort to increase their fluid intake on the day following the dive. The increase averaged 200 ml. Although potassium decreased significantly on the first post-dive day, the Na/K ratio was not altered inasmuch as sodium excretion also decreased albeit to a lesser extent. #INT = fluid intake, 1; EXC = urinary excretion, 1; HP = hydroxyproline, rag; CA = calcium, gm; PHOS = inorganic phosphorus, gm; MG = magnesium, gm; NA = sodium, mEq; K = potassium, mEq. #UN «a urea nitrogen, gm; UA = uric acid, g; CRT = creatinine, gm; KS = ketosteroids, mg; OHS = hydroxysteroids, mg; OSM = osmoles; NA/K = sodium/potassium ratio; TSTR -total steroids, mg.
.._..-: . #INT = fluid intake, 1; EXC = urinary excretion, 1; HP = hydroxyproline, mg; CA = calcium, gm; PHOS = inorganic phosphorus, gm; MG = magnesium, gm; NA = sodium, mEq; K = potassium, mEq.
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, The decrease in ketosteroid excretion, nonsignificant in Dive I and significant in Dive Ü, when combined into a single study demonstrates a significant change (Figure 2 ). This further supports earlier observations that an extended period of time is required for biochemical equilibria to become re-established following exposure to compression/decompression, and emphasizes that recovery from i W multifector stress requires more time than is needed to induce the stress.
Serum
The data recorded from the sera obtained following Dives I and II are presented in Tables IV and V, respectively. Of the parameters measured, serum ionized calcium levels are significantly lowered following the initial exposure to 6,7 ATA (Table IV) . This decrease occurred by one hour and lasted through one day post-dive. This phenomenon was not observed following Dive II performed 28 days later. Changes in total calcium were observed after both dives on the 3rd post-dive day; a significant decrease following Dive I and a significant increase after Dive II. Elevations in serum magnesium occurred on the 7th post-dive day following both exposures. An increase in magnesium was also observed on the 3rd post-dive day of Dive II as well as an increase in potassium on the 5th day. Again intradive alterations appear to be unrelated to inter-dive changes and indicates that no real difference exists between the two dives that could be attributed to residual effects from Dive I. Thus these data from Dive I and Dive II have also been combined. The combined data reveal significant post-dive changes Figure 3 . Although postdive blood data were not available from previous dives to 2 and 7 ATA using air 9 , other studies of biochemical responses of men to simulated air dives to 100 feet l ® have shown oscillations in several serum constituents. In the latter studies, serum potassium decreased significantly immediately post-dive followed by a gradual return to control values by the fifth post-dive day. On the other hand, serum potassium levels rose significantly on the third and fifth days in the present study while serum ionized calcium decreased significantly one hour and one day after exposure.
SERUM
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The comparison of results among several different types of single dives using air, or between two essentially identical dives with at least 28 day inter-dive intervals, leads one to conclude that within the protocol of "safe" dives, individual variability of the divers, or subtle differences in diving procedures such as compression rate or work performed, profoundly alters the kind and/or direction of the biochemical changes observed. This is not to say, however, that minimal or subthreshold alterations in biochemical parameters are not cumulative and may be detrimental to the health of the divers. The development of aseptic osteoneerosis occasionally observed in divers following multiple pressure exposures 4 »" may well reflect such phenomena. Repetitive dives with short inter-dive intervals may shed some light on possible cumulative biochemical effects of hyperbaric exposure. Bennett, P. B. and Hay ward, A. J. Electrolyte imbalance as the mechanism for inert gas narcosis and anesthesia. Nature 213: 938-939, 1967.
